Performance improvement and evaluation of an all plastic organic field effect transistor by Shizuyasu Ochia, et al.
  
Performance Improvement and Evaluation of an All Plastic Organic 
Field Effect Transistor 
 
Shizuyasu Ochiai a*, Xin Wang b, Narayana Perumal Rajesh c, Asao Ohashi a, Kenzo Kojima a and  
Teruyoshi Mizutani a 
a Dept. of Electrical Eng., Aichi Inst. of Tech., Toyota City 470-0392, Japan 
b Lao Dong Road No. 179, WuHu City, AnHui Province 241000, P. R. China  
c Dept of Physics, SSN College of Engineering, Old Mahabalipuram Road, 
Kalavakkam 603 110, India  
 
 
ABSTRACT 
 
We have fabricated organic thin film transistors with a polyehylenenaphthalate (PEN) film as the substrate, a poly (3-
hexylthiophene) (P3HT) thin film as the semiconductor layer and a cross-linked poly-4-vinylphenol (PVP) thin film as 
the gate dielectric layer. The performance of the P3HT-FET, fabricated using the spin-coated P3HT thin film, is as 
follows. The mobility is 4.0×10-4cm2/Vs and the threshold voltage is -13V. On the other hand, P3HT-FET fabricated 
using the drop-cast thin film is as follows. The mobility is 2.0×10-2cm2/Vs and the threshold voltage is -2V. 
Furthermore, the performances of the top and bottom contact P3HT-FETs were also evaluated as part of investigations 
into the charge injection from electrodes to the P3HT thin film and the interface traps between the P3HT thin film and 
electrodes. In terms of the performance of top contact P3HT-FET, the mobility is 7.0×10-2 cm2/Vs and the threshold 
voltage is 5V, which are values far superior to those of the bottom contact P3HT-FET. This indicates that in the top 
contact P3HT-FET, the contact resistance of the interface between the P3HT thin film and electrode is lower than that of 
the bottom contact P3HT-FET.  
 
Keywords: organic thin film transistor, poly(3-hexylthiophene) [P3HT], poly-4-vinylphenol (PVP), cast-film, top and  
bottom contact structures 
 
 
1. INTRODUCTION 
 
The functional properties of organic molecules and polymers have continued to attract enormous attention in recent chemistry and 
physics. Over the past two decades, there has also been considerable interest in organic semiconductors, driven by their potential use 
in light-emitting diodes, photovoltaic devices, organic integrated circuits, and low-cost disposable electronics applications [1-5]. 
Using π-conjugated organic molecules or polymers as active materials has led to the introduction of novel concepts in device design. 
In particular, there has been special interest in solution processable π-conjugated organic molecules from small molecules to 
oligomers and polymers, due to their flexible chemical tunability, low-temperature processing, large area coverage, and light-weight 
low-cost applications. They can be used for wet coating techniques, including spin-coating, drop-casting, dip-coating, spray-coating, 
screen-printing and ink-jet printing; and eliminate the need for many of the costly elements of major semiconductor manufacturing, 
including lithography, physical vapor deposition (PVD), chemical vapor deposition (CVD), plasma etching, and the high waste 
management costs. When compared with small organic molecules, polymers show unique charge transfer characteristics in chains 
and usually superior mechanical and thermal stabilities. Amazingly, via tuning, polymer conductivity can be changed, turning the 
substance from an insulator to an effective conductor via chemical manipulation of the polymer backbone, by the nature of the 
dopant, by the degree of doping, and by blending with other polymers. Thanks to this, they have potential applications at almost all 
levels of microelectronics and contribute towards the goal of all-polymer electronics [5-7]. Organic field-effect transistors (OFETs) 
meanwhile are among the most attractive constituent elements for high-density organic devices. Recently, OFETs have been used as 
integrated circuits [8], chemical sensors [9], and switching devices for active-matrix flat-panel displays (AMFPD) [10, 11]. 
Unfortunately, the performances of OFETs cannot usually rival the performances of field-effect transistors (FETs), based on 
inorganic semiconductors such as Si and Ge, with mobilities being several orders of magnitude lower. Significant efforts have, 
however, been made to improve OFET mobility and performance. Various kinds of newly synthesized organic semiconductors have 
been tried; and presently, certain oligomers (for example, oligoacene and oligothiophene) and polymers (for example, poly (3- 
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alkylthiophenes (P3ATs)) show high mobilities which approach those of inorganic materials. One of the keys to improving mobility 
is to develop an understanding of the relationship between organic thin-film structure/morphology and charge transport. At low 
temperatures, the coherent band-like transport of delocalized carriers was found in single crystals of pentacene [the molecular 
structure is shown in Fig. 1(a)], tetracene, and other acenes [12-14]. Even at room temperature, mobility as high as ~15 cm2V-1s-1 was 
found for rubrene single crystals [15]. Band-like transport was also shown along the crystal directions, with a high π-π* orbital 
overlap in single oligothiophene crystals [16], while band transport is not applicable to disordered organic semiconductors, where 
carrier transport takes place by hopping between localized states and carriers are scattered at every step. The boundary between band 
transport and hopping is defined by materials with room-temperature mobilities of the order of 1 cm2V-1s-1 [17, 18]. For π-conjugated 
oligomers and polymers meanwhile, it is also generally accepted that charges can be transported along the oligomer or polymer 
chains in their doped state, via polarons or bi-polarons and a longer chain is considered to be more propitious to the intrachain charge 
transport if coplanarity is guaranteed in the polymer. However, it is very hard to obtain high-purity, defect-free, and monodispersed 
polymers, while their crystallization remains a major challenge for chemists. Although certain polymers can form semicrystalline or 
polycrystalline structures in solid states, their structure (morphology)-mobility relationships have remained relatively unclear to date. 
As we know, the molecular orientation and aggregation (stacking) play important roles in the charge transport in organic solids. For 
polymer semicrystallites, the molecular orientation and aggregation might have a close inter-relationship, due to the long polymer 
chain and strong interchain interactions. P3ATs belong to one of the most extensively studied families of conducting or 
semiconducting polymers, revealing many potential applications, including light emitting diodes, nonlinear optical devices and 
rechargeable batteries. In particular, head-to-tail coupled regioregular poly (3-hexylthiophene) (RR-P3HT), or named Poly (3-
hexylthiophene-2,5 -diyl), has attracted considerable interest, thanks to its relatively high reported field-effect mobility in polymer 
FETs [19, 20]. The chemical structure of a P3HT polymer is shown in Fig. 1(b). Mis-coupling will break the π-conjugation directly; 
the regiorandom part usually has a twisted conjugation plane due to the steric hindrance; while the regioregular part has optimal 
coplanarity. P3HT in solution shows interesting reversible color changes with temperature or by altering the solvent property, which 
is attributed to a change in the effective conjugation length of the main chain consisting of co-planar thiophene rings. In a solid state 
it is well accepted that P3HT usually forms semicrystalline films with microcrystalline domains embedded in an amorphous matrix. 
The performances of P3HT based OFETs on SiO2 gate insulators (in most cases modified with self-assembled monolayers [SAM]) 
were reported [19-23]. The field-effect mobility of RR-P3HT usually ranges from 10-4 to 10-2 cm2/Vs depending on the casting 
method (spin or drop) and the peak value reaches around 0.1 cm2/Vs. The molecular orientation and alignment of P3HT were shown 
to be affected by the property of the SAM on the SiO2 substrate, which resulted in a different carrier mobility [21]. At the same time, 
the mobility of P3HT also depends on the solvent being used; enhanced mobility was found from high-boiling-point solvents (for 
example, 1,2,4-trichlorobenzene) for spin-coated RR-P3HT films [22]. This is due to the higher crystallinity, stronger interchain 
interactions (π-π stacking), and better molecular alignment (with the (100)-axis of the π-π stacked crystalline planes preferentially 
normal to the film) in RR-P3HT films spin-coated from solvents with higher boiling points (slower evaporation rates). Similar results 
were found for RR-P3HT thin films drop-cast from different solvents with different boiling points and solubilities [23]. At present, 
most studies on the structure-mobility relationship of P3HT semicrystalline films focus on the polymer orientation [20-24]. This 
shows that the microcrystalline domains in RR-P3HT films are two-dimensional highly ordered lamella structures, formed by π-π 
interchain stacking and featuring phase segregated layers of insulating alkyl side chains. Sirringhaus et al. used grazing incidence x-
ray scattering (GIXS) to show a correlation between the orientation of P3HT crystals and the charge carrier mobility [20]. Films with 
crystals primarily oriented with their (100)-axis normal to the substrate and (010)-axis in the plane of the substrate (edge-on 
orientation) had mobilities several hundred times higher than those oriented with their (010)-axis normal to the substrate and the 
(100)-axis in the plane of the substrate (plane-on orientation). Kim et al. revealed similar trends by controlling the molecular 
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Fig. 1. The chemical structure of (a) pentacene and (b) poly(3-hexylthiophene) (P3HT). polymer. 
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orientation through surface modification [21]; although the mobility of the edge-on P3HT film was only several times higher than 
that of the plane-on orientation. One important difference between the two pieces of research is the regioregularity content of the 
P3HT samples. In fact, the change in the regioregularity content (in ref. [20]) will not only affect the molecular orientation, but also 
the backbone conformation, inter-polymer interaction/aggregation, and crystallinity. These studies also raise further unanswered 
questions. For example, if perfect coplanar π-π stacking does exist, it seems the charge transport along the (001)-axis, i.e. along the 
polymer backbone, should also exist, whether for the edge-on or plane-on orientation; and this intra-chain transport might be 
dominant because polarons are usually more effective than inter-chain hopping transport. Another question concerns the relatively 
poor crystallinities (typically ~10 nm in our results and some others [21, 25]) and low mobilities (highest ~ 0.1 cm2V-1s-1 [20]) of RR-
P3HT films as compared with an alkyl-substituted oligothiophene (~ 1.1 cm2V-1s-1 [26]). To understand these problems, we believe 
that the three-dimensional polymer-stacking structures and aggregation states, as well as the molecular orientation, have an important 
effect on the OFET mobility and performance. In a solid state, P3HT can aggregate and self-organize into different types of 
microstructures; depending on the growth or deposition method, solvents, substrates, evaporation rates, and the P3HT molecular 
weights, regioregularity contents et al. Spin coating and drop casting have been recognized as methods of obtaining organic/polymer 
thin films from solutions, and have the merits of a low-cost low-temperature process and fast operation on almost all kinds of 
substrates. Here we use spin-coating and drop-cast methods to study the aggregation states in RR-P3HT thin solid films. The choice 
of gate dielectrics for OFETs is also vital. It is highly desirable that the SiO2 insulator be substituted with an organic dielectric to 
achieve low-cost and large-area all-organic electronics. Among various polymer insulators, Poly (4-vinylphenol) (PVP) is a 
promising candidate. PVP is a kind of good gate dielectric, which can be easily dissolved in some solvents and also chemically 
crosslinked. Polycarbonates (PC) have also been widely used in modern industry due to their wonderful physical properties, including 
considerable mechanical strength, high resistivity, good optical transparence and effective heat-resistance. It can be dissolved in many 
kinds of organic solvents and easily made into thin films. We also tried PC as a gate insulator for pentacene OFETs. 
 
 
2. EXPERIMENT 
 
2.1 Crosslinking of PVP thin film 
 
PVP (weight-average molecular weight Mw ~ 20000) and the crosslinking agent, methylated poly(melamine-co-
formaldehyde) (MPMF; number- average molecular weight Mn ~ 432), were purchased from the Aldrich Chemical Co. 
and mixed in propylene glycol methyl ether acetate (PGMEA), to obtain a solution of 11 wt% of PVP and 4 wt% of 
MPMF. Heat-crosslinking of PVP was performed with prebaking at 100oC for 10 min and then baking at 200oC for 40 
min under the protection of nitrogen. The mechanism of heat-induced crosslinking for the PVP sample is shown in Fig. 
2 and film thicknesses were measured using a surface profile measuring system (Dektak IIA, Sloan Tech.). 
 
 
 
2.2 Fabrication of RR-P3HT thin films on PVP surface and Au(111)  
 
High quality head-to-tail coupled regioregular RR-P3HT (regioregularity > 98.5%), PVP, and other chemicals were 
purchased from Aldrich Chemical Co. without further purifications. To measure the orientation and morphology in 
P3HT thin films, two kinds of substrates were prepared. One was the Au (111) surface, which was physical vapor 
O H
n
N
N N
N
H O
N
O H
O
N O HH O
n
n
N
N N
N
O
N
O
O
N OO
n
n
h eat
P V P M P M F
n
n
Fig. 2. Mechanism for heat-induced crosslinking of PVP with MPMF as a crosslinking agent.  
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deposited on the mica substrate, while the other was crosslinked PVP thin film, which was spin-coated (3000 rpm) on 
the poly(ethylene naphthalate) (PEN; Teijin DuPont Film Ltd.) substrate. Surface modification of the PVP thin film was 
performed by immersion into the HMDS solution for 24 hrs, followed by baking at 80oC for 2 hrs. P3HT molecules 
were then drop-cast onto the Au (111) surface from a chloroform solution with a concentration of 10-4 wt.%. On the 
other hand, P3HT molecules on the PVP substrate and on PVP modified by HMDS were drop-cast at a higher 
concentration of 0.1 wt.% and drop-cast films were enclosed in a Petri dish to increase the evaporation time. After being 
dried, they were transferred into the ultra high vacuum (UHV) chamber (10-9 Pa) of an UHV SPM system (SPM Probe 
VT STM, Omicron Microscopy GmbH). The structure of the Au (111) surface was investigated by out-of-plane X-ray 
diffraction (XRD; Shimadzu with the Cu Kα radiation source) and STM; P3HT molecules on Au (111) and on PVP 
surfaces were observed in STM and AFM modes respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The P3HT OFETs were fabricated with the “bottom-gate” and “top-contact” configuration on a cleaned glass substrate 
(Matsunami Glass) or PEN, as shown in Fig. 3 (a), the gate insulator was crosslinkable PVP. The pentacene OFETs 
were fabricated with the “bottom-gate” and “bottom-contact” configuration on a cleaned glass substrate or PEN as 
shown in Fig. 3 (b), the gate insulator was PC (FE-2000; Mitsubishi Engineering-Plastics). The replacement of glass 
substrates by the PEN substrates can help achieve flexible all-polymer OFETs. Strictly speaking, for all-polymer 
OFETs, the electrodes should also be replaced by polymer electrodes, for example, poly (3,4-ethlenedioxythiophene) : 
poly(styrene sulfonic acid) (PEDOT : PSS) or polyaniline (PANI). Here, we use gold electrodes and sometimes glass 
substrates to investigate the performances of OFETs under different fabrication conditions. 
  RR-P3HT, synthesized by the Rieke method, was purchased from Aldrich Chemical Co. with regioregularity > 98.5% 
and a nominal weight-average molecular weight Mw of ~87000 from the supplier. However, the measured Mw could be 
somehow lower, namely ~52000 [27]. Assuming the Mw to be ~ 70000, we can estimate the contour length of our RR-
P3HT as ~ 160 nm. The structure, morphology and aggregation states of the RR-P3HT films were controlled by spin-
coating at different spin speeds and drop-casting from chloroform solutions. Spin-coating was carried out at 2000 rpm 
and 4000 rpm for 20 s at a concentration of 0.2 wt%, while drop-cast films were cast with a 10 µl drop from a dilute 
chloroform solution of 0.05 wt%, and enclosed in a Petri dish to increase the evaporation time. In comparison, 
regiorandom P3HT (RRa-P3HT; Aldrich) and pentacene (Aldrich) were also used to fabricate OFETs. The fabrication 
procedure of RRa-P3HT OFET was from the solution in CHCl3 and similar to that of RR-P3HT, while pentacene films 
were vacuum deposited onto the PC gate insulator using a PVD technique. It emerged that on the PVP gate insulator 
(non-crosslinked or crosslinked) the vacuum deposited pentacene films were not uniform with many bubble-like defects. 
With this in mind, we selected a PC as a gate insulator for pentacene OFETs; hence the pentacene films were optically 
smooth and of high quality. Gold gate (G), source (S) and drain (D) electrodes were deposited with controlled 
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Fig. 3 (a) “Bottom-gate” and “Top-contact” configuration for P3HT OFETs; 
(b) “Bottom-gate” and “Bottom-contact” configuration for pentacene OFETs. 
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evaporation rates under a vacuum of 3×10-6 Torr. Since the high-speed deposition of S and D would be liable to destroy 
the organic thin films and cause a short circuit with the G electrode; an evaporation speed of ≤ 0.5 Å/s was used for S 
and D and electrode thickness ranged from 20 to 50 nm depending on the evaporation time. A rectangular mask (with 
channel width W of 1000 µm and length L of 20 µm) and a twenty-interdigitated mask (with total W of 19 mm and L of 
50 µm when neglecting the fringing fields) were used for S and D electrodes and the measurement of the OFETs was 
carried out in air at room temperature (about 25°C). Before measuring, the OFETs were dried in a vacuum overnight. 
Mobilities µ for OFETs were calculated in the saturation regime, based on the following well-known relationship: 
 
,)(
2
2
TGS
i
DS VVL
WCI −= µ
            (1) 
where IDS was the measured current between D and S, VGS was the voltage applied between G and S, and VT was the 
threshold voltage. The capacitance per unit area Ci for PVP thin film was calculated using a dielectric constant ε ≈ 3 and 
also for PC using ε ≈ 3. The thickness for crosslinked PVP thin film was about 600 nm, while that for PC film was 
about 950 nm. Sometimes, the mobility µ can also be calculated in the linear regime from the equation: 
DSTGS
i
DS VVVL
WC
I )( −= µ
.           (2) 
The mobilities calculated from the linear and saturation regimes usually differ somewhat, while the thickness for spin-
coated P3HT (RR or RRa) film at 2000 and 4000 rpm was ~35 nm and ~25 nm, respectively. For drop-cast film, it is not 
smooth with an average thickness of ~ 90 nm and a typical thickness for vacuum deposited pentacene film of about 
110nm. Film structures, morphologies and aggregation states were characterized using UV-visible absorption spectra 
(UV-2450, Shimadzu), tapping-mode AFM (NV-2000, Olympus), and out-of-plane XRD. Peak separation of the P3HT 
UV-visible absorption spectra was carried out using a commercial software package PeakFit v4.12. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1 Performances of OFETs 
 
Table 3 summarizes the mobilities of the OFETs on PEN substrate with a crosslinked PVP gate insulator and spin-
coated (at spin speeds of 4000 rpm and 2000 rpm) or a drop-cast RR-P3HT active layer. The performances of OFETs 
are investigated, with cross-linked PVP thin films prepared by spin-coated and drop-cast thin films included. Based on 
the output and transfer characteristics of OFETs, including P3HT films prepared by the drop-casting and spin-coating 
methods, their field effect mobility were estimated with 2.0×10-2 cm2/Vs and 4×10-4 cm2/Vs respectively. The results 
revealed the OFET mobility prepared by drop-cast P3HT thin film to be two orders higher than by spin-coated P3HT 
thin film, which indicates that the ordering and crystallinity of the drop-cast P3HT thin film deposited on cross-linked 
PVP film is superior to that of the spin-coated P3HT thin film. Figs. 4 and 5 show the output and transfer curves of an 
all-polymer OFET, comprising bottom and top contact configurations, with a drop-cast RR-P3HT active layer and 
crosslinked PVP gate insulator on a PEN substrate. They displayed an excellent saturation property in the output curves. 
Based on the saturation region in the transfer curve in figure 4, meanwhile, the field-effect mobility was calculated to be 
2.0×10-2 cm2/Vs. This field-effect mobility is about twice that of the figure recently reported with a similar OFET 
structure on the SiO2/Si substrate [23]. On the other hand, in the top contact configuration of figure 5, the field-effect 
mobility was calculated as 7.0×10-2 cm2/Vs. This reveals that when the P3HT layer evaporates the drain and source 
electrodes, the P3HT layer is annealed by heating from the evaporating cell Au and the orientation, alignment and 
morphology of the P3HT layer are improved. It also provides evidence to support the idea that π-π stacking plays an 
important role in carrier transport within the two-dimensional active channel [20]. 
 
RR-P3HT layer Spin at 4000 rpm Spin at 2000 rpm Drop-cast 
Gate Insulator (Crosslinked) PVP PVP PVP 
µ (cm2/V·s) ~4.0×10-4 ~6.0×10-4 ~2.0×10-2 
Table 1. Mobilities of the OFETs on PEN substrates with a crosslinked PVP gate insulator and spin-coated (at 
different spin speeds of 4000 rpm and 2000 rpm) or the drop-cast RR-P3HT active layer. 
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Fig. 4 The output (a) and transfer (b) curves of an all-polymer OFET, structured by a bottom contact configuration, 
with a drop-cast RR-P3HT active layer and crosslinked PVP gate insulator on a PEN substrate. 
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Fig. 5 The output (a) and transfer (b) curves of an all-polymer OFET, structured by a top contact 
configuration, with a drop-cast RR-P3HT active layer and crosslinked PVP gate insulator on a PEN 
substrate. 
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3.2 Structure-mobility relationship in P3HT films 
 
The experimental results above show that the mobility of drop cast RR-P3HT is one or two orders higher than that of 
spin coated equivalents at 4000 rpm, while the mobility of spin coated RR-P3HT film at 2000 rpm is several times 
higher than that at 4000 rpm. In comparison, the performances of OFETs based on regiorandom P3HT (RRa-P3HT) 
were also investigated. Just as expected, RRa-P3HT OFETs show lower mobilities (typically ~ 5.0 × 10-5 cm2/V·s for 
spin-coated RRa-P3HT and ~ 1.0 × 10-4 cm2/V·s for drop-cast RRa-P3HT), which are one or two orders lower than 
those of RR-P3HT. The UV-vis absorption spectra (Fig. 6) reveal that both spin-coated and drop-cast RRa-P3HT thin 
films are in amorphous structures (lacking shoulder peaks and with the absorption peak position the same for both spin-
coated and drop-cast RRa-P3HT thin films). XRD results also display no diffraction peaks for both spin-coated and 
drop-cast RRa-P3HT thin films, with a correlation between the mobility and aggregation states clearly evident. 
Aggregation with a lamellar structure shows improved mobility, while the larger aggregate size and number results in 
higher mobility. A significant difference in mobility between the drop-cast and spin-coated RR-P3HT films implies a 
difference in the charge transport mechanism in aggregates and amorphous areas. Fig. 7 shows the UV-vis absorption 
spectrum for a pentacene film deposited on a PC via PVD on a glass substrate. The peaks in the solid circle are from 
isolated pentacene molecules (pentacene solution), while those in the broken circle are new peaks resulting from the 
aggregation states (pentacene films with microcrystals). Fine peaks of vibronic progression can clearly be found for both 
pentacene solutions and films.  
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Fig. 6 UV-vis absorption spectra for RRa-P3HT in CHCl3 solution, and spin-coated and drop-cast films. 
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The output and transfer curves of an OFET with vacuum deposited pentacene and PC gate insulator are displayed in Fig. 
8, while the mobility is calculated at about 0.965 cm2/Vs, meaning pentacene shows a mobility about one order higher 
than that of RR-P3HT. In literature, certain substituted oligothiophenes can also display mobilities of up to ~ 1 cm2/Vs 
[26], which are about one order higher than that of RR-P3HT (~0.1 cm2/Vs). The difference between mobilities can be 
revealed by the difference between the crystal structure (aggregation state) and microcrystal size. Figs. 9 and 10 show 
AFM images of the surfaces of pentacene and P3HT thin films respectively. An AFM experiment shows that the 
pentacene microcrystal size (about 1~2 micron/s) is much larger than that of RR-P3HT (about 10~20 nm), which 
represents evidence of the difference between both mobilities of the OFETs prepared by pentacene and P3HT.  
Fig. 7 UV-vis absorption spectrum for pentacene film deposited on a PC by PVD on a 
glass substrate. 
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Figure 8 Output characteristics and current-voltage transfer of pentacene FET at a substrate temperature of 90℃ 
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Fig. 9 AFM images of pentacene thin films on polycarbonate thin films at different 
substrate temperatures with a) RT and b) 70℃ 
10nm-
20nm
20nm-50nm
Fig. 10 AFM image of the P3HT thin film prepared using the drop-casting method on a cross-linked PVP thin 
film and a lamellar model formed with a warm like grain 
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4. CONCLUSIONS 
 
We have successfully fabricated low-cost OFETs with soluble and crosslinkable poly(4-vinylphenol) (PVP) as the gate 
insulator and poly(3-hexylthiophene) (P3HT) as the active semiconductor on glass or PEN substrate. Low-cost drop-
casting and spin-coating were employed to obtain organic thin films of controlled thickness and variable morphology. In 
comparison, OFETs with vacuum deposited pentacene film and polycarbonate (PC) gate insulator were also fabricated 
and investigated, whereupon we obtained the following conclusions: 
(1) The crosslinked PVP gate insulator displays improved mechanical stability and dielectric properties, due to the 
higher packing density, while the OFETs also show a good performance. The mobility of drop-cast P3HT films is one 
order higher than those of the spin-coated films, which is attributable to the slower drying of the solvent and the more-
ordered structure in the films.  
(2) P3HT film structures/morphologies were characterized by UV-visible absorption spectra, out-of-plane X-ray 
diffraction (XRD) and atomic force microscopy (AFM). The P3HT molecules on the PVP thin films are preferably 
oriented with side chains perpendicular to the surface (edge-on orientation).  
(3) Aggregation states and charge transfer mechanisms in the P3HT films were studied in OFETs. Both regioregular and 
regiorandom P3HT (RRa-P3HT) were studied, as well as the oligomer acenes of pentacene. Pentacene films were 
deposited using the physical vapor deposition (PVD) method on the gate insulator of PC. RRa-P3HT films showed 
mobilities one or two orders lower than those of RR-P3HT films because they were amorphous in both spin-coated and 
drop-cast films. Experimental results also revealed a correlation between the mobility and aggregation states, whereby a 
larger aggregate size and number can result in higher mobility. Pentacene films (with a herringbone structure) displayed 
mobilities about two orders higher than RR-P3HT (with a lamellar structure), because they formed polycrystalline films 
with crystals much larger in size than those in RR-P3HT semicrystalline films. For RR-P3HT films, although 
aggregation with the π-π stacking interaction was found to facilitate the planarization of the polymer backbones, the 
alkyl side-chain interactions could result in chain folding within a single polymer, and hence decrease the crystallinity 
and mobility greatly.  
These results imply that there are still many spaces to increase the mobility of π-conjugated polymer films if a larger π-
π stacked crystal size can be obtained. The performances of the OFETs can be further improved by optimizing the 
structure and morphology of organic semiconductor film, the properties of the gate insulator layer, and the configuration 
of the OFETs. For real applications of all-polymer transistors, their stability should also be enhanced. 
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